Polymer coatings with features of differing hydrophilicity, mobility, and topography, distributed across a substrate in microscopic and nanoscopic patches were designed as complex materials equipped with sufficient variability in composition, structure, and dynamics to inhibit interactions associated with biomacromolecular fouling. These complex polymer coatings were prepared by the in situ phase separation and crosslinking of mixtures of hyperbranched fluoropolymer (HBFP) and diamino-terminated poly(ethylene glycol) (PEG), for which the degree of crosslinking, compositions, topographies, and morphologies were varied by alteration of the PEG/HBFP stoichiometries (14, 29, 45, and 55 wt % PEG). This article examines the physicochemical details of HBFP-PEG network coatings prepared on glass substrates, functionalized by 3-aminopropyltriethoxysilane, as characterized by atomic force microscopy (AFM), contact-angle measurements, X-ray photoelectron spectroscopy (XPS), differential scanning calorimetry (DSC), and thermogravimetric analysis. Upon incubation in water or artificial seawater, the surfaces underwent reconstruction, which was believed to be driven by the swelling of the PEG domains and the energetic favorability offered by the segregation of PEG to the solid-water interface.
INTRODUCTION
Fluoropolymers [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] have been the focus of extensive research in the development of minimally adhesive surfaces because of their low surface energy, low wettability, and chemical stability, which have also led to studies of their utility as potential antifouling materials for marine applications, [15] [16] [17] [18] [19] [20] among other things. [21] [22] [23] [24] It has been established that fouling by marine organisms upon surfaces such as ship hulls involves a process by which the organism secretes an adhesive protein or glycoprotein, either of a hydrophobic diffusion, and mechanical interlocking. 28 In this regard, it becomes imperative that any coating formulated for preventing both soft and hard fouling present a surface that can simultaneously defeat all the modes of interaction between the fouling organism and the surface.
The development of synthetic materials that inhibit protein adsorption has received considerable attention, and effective materials have been realized 29 -34 ; however, the marine fouling problem goes beyond limiting interactions with proteins, and the surface features must be of increased complexity to account for the various modalities for marine organism attachment and the dimensions over which they occur. Although the chemical and electrostatic interactions between the surface and the fouling organism may be minimized by morphologically and compositionally heterogeneous surface patterns, the diffusion and mechanical interlocking modes of interaction may be defeated by surface topographical complexities coupled with the necessary mechanical integrity of the coating. In addition, molecular-level topology has also been demonstrated to be an important parameter in providing control over protein adsorption. Nienhaus et al. 35 reported recently the ability of surfaces, consisting of isocyanatoterminated star-shaped poly(ethylene oxide-copropylene oxide) molecules crosslinked via urea linkages upon partial hydrolysis under an ambient atmosphere, to inhibit nonspecific protein adsorption and to allow for protein renaturation, whereas poly(ethylene oxide) (PEO) brush surfaces allowed for irreversible protein denaturation, which was believed to occur through the intermingling of the polypeptide chains with the linear PEO brushes.
Our strategy for the preparation of robust, crosslinked networks of polymer materials that present complex surface morphologies and topographies relies upon controlling the molecular topology and is based on the in situ crosslinking of phase-segregating mixtures of incompatible polymer precursors. This process relies on the thermodynamically driven phase segregation of hydrophilic poly(ethylene glycol) (PEG) and hydrophobic hyperbranched fluoropolymers (HBFPs), which is kinetically trapped by the reaction of amino termini present on each of the two chain ends of PEG and pentafluorophenyl groups that reside in large numbers as the chain termini of the hyperbranched architecture. 36 -38 Copolymerization with fluorinated monomers to tune the properties of polymers has been used in many examples, 39, 40 and the strategy of using phase segregation in copolymers, especially those containing fluorinated blocks, 8, [41] [42] [43] to prepare surfaces with ordered morphologies is well known. 1 Moreover, there exist many examples of hybrid linear-dendritic block copolymers, 44 -46 as well as dendritic or hyperbranched polymers, modified via coupling with PEO into amphiphilic star structures [47] [48] [49] [50] that undergo interesting solutionstate, 51 surface, 52 and bulk microphase segregation 53 or modified via the crosslinking of the branched macromolecules with PEG 54, 55 into amphiphilic matrices as interpenetrating networks that contain domains rich in each of the components. 56, 57 Interestingly, semifluorinated monodendron surface-active block copolymers 58 and other fluorinated block copolymers 59 have been shown to undergo microphase segregation and surface reorganization to provide for a dynamic presentation of surface composition, topography, and morphology.
Coupled with the well-known resistance of PEG surfaces toward protein adsorption and bacterial adhesion, 32,60 -62 the coatings of crosslinked HBFP-PEG networks are designed to exhibit varying wettability and hydrophobicity, the factors that have been shown to impart resistance toward biofouling. 29, 63, 64 Previous work has demonstrated that the crosslinking of HBFP and PEG generates surfaces of compositionally variant, nanoscopically resolved morphologies and topographies, along with improved mechanical integrity. 56 The dimensions of the topographical features, which could be tuned to a scale comparable to that of marine adhesive biomacromolecules, were shown to be controlled by the HBFP-PEG stoichiometry and the coating thickness. However, all of the coatings studied previously were prepared by the spin coating of HBFP and PEG mixtures onto mica, which produced ultrathin coatings that were not well attached to the substrate. In this article, we report the preparation of coatings with thicknesses of several micrometers on glass substrates, with covalent attachment between the HBFP-PEG network and the glass. The surface features of these materials were characterized by X-ray photoelectron spectroscopy (XPS), static contact-angle measurements, and atomic force microscopy (AFM), and the thermal properties were evaluated with differential scanning calorimetry (DSC) and thermogravimetric analysis (TGA). A highly interesting surface reorganization phenomenon was observed for these amphiphilic materials upon treatment with water or an organic swelling agent, and the reversibility of this process was evaluated.
EXPERIMENTAL Materials
Diisopropylethylamine (DIEA), 3-aminopropyltriethoxysilane (3-APS), bis(3-aminopropyl)-terminated PEG [number-average molecular weight (M n ) ϭ 1600 Da and number-average degree of polymerization (DP n ) ϭ 34], and all solvents were purchased from Aldrich Chemical Co. and were used as received. The diglycidyl ether of PEG (M n ϭ 3000) was obtained from Scientific Polymer Products. Chloroform and methanol were used as purchased, whereas tetrahydrofuran (THF) was distilled from Na. The artificial seawater used for the incubation of the polymer coatings was a Coralife scientific-grade marine salt solution in deionized (DI) water at a concentration of 0.3 lb/ gal. HBFPs (1) were synthesized according to a procedure previously reported. 36 HBFP 1a [M n ϭ 9700 Da, DP n ϭ 20, and weight-average molecular weight/number-average molecular weight (M w /M n ) ϭ 1.8] was used in the XPS experiments, and 1b (M n ϭ 9200 Da, DP n ϭ 19, and M w /M n ϭ 2.4) was used in the preparation of the crosslinked HBFP-PEG coatings for AFM and contact-angle measurements, whereas 1c (M n ϭ 7900, DP n ϭ 16, and M w /M n ϭ 2.2) was used in the preparation of HBFP-PEG coatings for DSC and TGA.
General Procedure for the Preparation of HBFPs Crosslinked with Bis(3-aminopropyl)-Terminated Poly(ethylene glycol) (2)
The crosslinked HBFP-PEG networks were prepared according to the procedure previously reported as method II, 56 in which the HBFP, PEG, and DIEA were dissolved in THF and the solution was heated at reflux for 20 h under nitrogen. This yielded products with characterization data in agreement with those reported. The solutions were then used for coating the functionalized glass microscope slides. DSC was performed on a Mettler-Toledo instrument with the DSC822 e module, calibrated with an indium standard. The data were analyzed with STAR e SW 7.01 software. The coatings of the crosslinked HBFP-PEG materials were scratched from the substrate, and 3-5 mg was used for the DSC measurements. For DSC of crosslinked HBFP-PEG materials swollen with water, the samples (3-5 mg) were weighed into an aluminum pan, and a known amount of water (30 -40 wt %) was added; the samples were allowed to equilibrate for 30 min. The samples of dry and swollen crosslinked materials were heated and cooled between Ϫ50 and 150°C at a rate of 10°C/ min in three repetitions of heating-cooling cycles. The glass-transition temperatures (T g 's) were Scheme 1. Preparation of the crosslinked HBFP-PEG networks and the covalent attachment of the coatings to 3-APS-functionalized glass microscope slides. measured as the midpoint of the inflection tangent upon the third or subsequent heating scans. The melting temperatures (T m 's) were measured as the onset of the melting endotherms.
General Procedure for the Preparation of Coatings on Microscope Glass Slides
The XPS measurements for the HBFP, PEG, and crosslinked HBFP-PEG network coatings were collected to examine the compositions of the polymer surfaces before and after incubation in water. A VSW twin X-ray source was used in this study. X-ray photoelectron spectra were taken with Al K␣ radiation (1486.7 eV), with the anode operating at 300 W. A cylindrical mirror analyzer (model 15-255GAR, Physical Electronics, Inc.) was operated at a fixed pass energy of 25 eV. For each sample, F(1s), O(1s), C(1s), and Si(2p) corelevel spectra were collected, and nonlinear curve fitting software was used for data analysis. The spectra were fit to the sums of Lorentzian and Gaussian line shapes. Through peak fitting, the components associated with different surfacebonded species in the spectra were identified. The 3-APS-functionalized glass microscope slides were coated with the HBFP, PEG, and crosslinked HBFP-PEG through dip coating into the corresponding solutions in THF. For studying the effect of the water treatment on the surface composition, the samples were incubated in DI water, and this was followed by drying at 60°C in vacuo for 12 h. The shifts in the binding energies in the C(1s) region in each of the samples due to surface charging were corrected by all the C(1s) component peaks being referenced to the saturated C binding energy of 285.0 eV. All the samples were found to contain Si contaminants (2-8%) at the surface, and rinsing with THF before the experiments did not reduce the contamination level.
TGA was conducted on a Mettler-Toledo instrument with a TGA/SDTA851 e module, and the data were analyzed with STAR e SW 7.01 software. The samples were heated from 0 to 600°C at a rate of 10°C/min. The onset temperature for weight loss was the point at which two tangential lines in the TGA curves intersected.
AFM experiments were performed with a Nanoscope III scanning probe microscope from Digital Instruments. The surface morphologies and topographies were investigated in the tapping mode with a Digital Instruments Bioscope instrument (dimension head and G scanner) under ambient conditions, with a silicon tip (160 m, 325 kHz) with a nominal spring constant of 40 N/m. After the analysis of the dry films, the slides were incubated in artificial seawater for 1 day; this was followed by rinsing with DI water and drying in vacuo at the ambient temperature for 1 day. After incubation in artificial seawater, the films were thoroughly rinsed with DI water to make sure that the components of the seawater did not influence the surface chemistry.
RESULTS AND DISCUSSION

Synthesis
Amphiphilic hyperbranched-linear copolymer networks were generated from HBFP (1) and bis(3-aminopropyl)-terminated PEG. The HBFP, with a 50% statistical degree of branching and an average of one pentafluorophenyl group per repeat unit, was synthesized from an AB 2 monomer, 3,5-bis(pentafluorobenzyloxy)benzyl alcohol, by condensation polymerization according to a procedure previously reported. 36 HBFPs from batches of slightly different molecular weights (1a-1c) were used in this study, simply because of availability. There were no apparent differences in the network materials resulting from these three different precursors. The para-fluorines of the pentafluorophenyl end groups of the HBFP were reactive and provided a mechanism for intramolecular or intermolecular crosslinking of the HBFP via nucleophilic aromatic substitution by the amine termini of the PEG (Scheme 1). Variations in the degree of crosslinking could be achieved by the alteration of the stoichiometry of PEG with respect to the HBFP, which in turn provided a means of manipulating the compositional, morphological, and topographical features, as observed for thin films of crosslinked HBFP-PEG networks. 56 Crosslinked networks were produced from mixtures of HBFP and diamino-terminated PEG at 14, 29, 45, and 55 wt % PEG/HBFP. Solutions of HBFP, diamino-PEG, and DIEA in THF were allowed to form pregel structures by being heated at reflux for 20 h and were then deposited onto glass substrates and cured at 100°C. Monitoring the solution-state precuring reaction by 19 F NMR spectroscopy indicated that the extent of substitution of para-fluorines, as determined by the relative decrease in the corresponding 19 F resonance at Ϫ153.5 ppm, was approximately 20% for 2c and 2d, whereas it was indiscernible for 2a and 2b. As noted in a previous work, 56 the pre-establishment of stars and higher crosslinked aggregates before the reaction mixture is drawn onto EFFICIENT ANTIFOULING COATINGS the glass substrate gives enhanced gel formation, by which the crosslinking chemistry continues during the curing process at an elevated temperature and upon solvent evaporation, with the phase segregation being limited in domain sizes.
Microscope glass slides functionalized with 3-APS were used as substrates for preparing thick films of HBFP-PEG crosslinked materials through multiple dip coating into THF solutions containing HBFP, diamino-terminated PEG, and DIEA and were precured as discussed previously. Initial attempts at coating nonfunctionalized glass slides resulted in unstable films that delaminated upon incubation in water. To prevent the delamination of the coated material, the glass surface was treated with 3-APS according to protocols that were previously reported 65 for the surface modification of mica. The chemical vapor deposition of 3-APS under nitrogen resulted in amine groups on the surfaces of the glass slides, which provided covalent attachment points for the HBFP by the nucleophilic substitution of the para-fluorines of the pentafluorophenyl end groups of the HBFP (Scheme 1). This process effectively affixed the entire network coating to the substrate. Coatings prepared on the functionalized slides did not delaminate in water or artificial seawater. Coatings of pure HBFP were prepared through the immersion of 3-APS-functionalized glass slides into a solution of HBFP in THF (5% w/v) followed by curing at 100°C under nitrogen; this resulted in the covalent attachment of the polymer to the substrate, which prevented delamination. The PEG was grafted onto the glass substrate according to the protocol reported in the literature. 66 The thickness values for the coatings prepared via dip coating on 3-APS-functionalized glass slides were determined by Alpha-Step measurements, and the data are summarized in Table 1 . The thicknesses of the coatings increased with increasing PEG content, from 0.55 m for the neat HBFP to 0.67, 0.91, 1.04, and 6.29 m for the crosslinked HBFP-PEG networks as the amount of PEG was increased from 14 to 29 to 45 to 55%, respectively (Table 1) .
Surface Wettability and Composition
The static contact angles of water on the crosslinked HBFP-PEG coatings and poly(tetrafluoroethylene) (PTFE; used as a control sample) were measured by the sessile drop technique. The contact angle of water on the HBFP surface revealed its highly hydrophobic nature, similar to that of PTFE. The XPS spectrum of the HBFP coating ( Fig. 1) revealed F(1s), C(1s), and O(1s) peaks, suggesting the orientation of the low-surface-energy pentafluorophenyl end groups at the polymer-air interface, which imparted the high degree of hydrophobicity to the surface. On the other hand, the contact-angle values for the crosslinked HBFP-PEG network coatings, summarized in Table 1 , exhibited a gradual descent as the PEG composition in the crosslinked HBFP-PEG networks was increased from 14 to 29 to 45 to 55 wt %. The observed trend indicated that the relative composition of PEG versus HBFP at the polymer-air interface increased with an increasing PEG weight percentage in the crosslinked network. A similar direct correlation between the surface and bulk compositions of the PEG segments was observed before. 67, 68 The atomic concentrations of the surface elements in each of the crosslinked HBFP-PEG coatings, determined by XPS and summarized in Table 2 , demonstrated a decline in the relative concentrations of fluorine and a gradual increase in the carbon and oxygen concentrations from 2a to 2d, in agreement with the surface and bulk compositions of the PEG segment. Upon incubation in artificial seawater or pure DI water for 1 day followed by drying, each of the crosslinked HBFP-PEG network coatings exhibited lower contact angles with water than those on the respective coatings before seawater incubation ( Table 1 ). The increase in the surface hydrophilicity of the coatings, upon incubation in water, was presumably a corollary of surface reconstruction, which resulted in the PEG domains preferentially aligning themselves at the polymer-water interface to minimize the interfacial tension. Similar observations involving the reorientation of amphiphilic copolymer surfaces upon contact with water, resulting in changes in the surface hydrophilicity, were previously reported, examples of which include crosslinked HBFP-PEG materials 56, 69 and poly(methyl methacrylate)-g-poly-(dimethylsiloxane) copolymer surfaces.
This surface reorganization process is very well manifested in a plot of the fluorine/carbon atomic concentration ratios as a function of the PEG weight percentage (Fig. 2) . The fluorine content decreased as the amount of PEG segregating to the surface increased, and this was in turn a function of the PEG content in the network. Treatment with water induced further mobility in the PEG domains, which migrated to the polymer-water interface to maximize the interaction with water. The extent to which the migration took place was largely dependent on the relative amounts of PEG chains at the polymer-air/polymer-water interfaces and those inside the matrix. For 2a (Fig. 2) , the F/C ratio before and after incubation in water did not change considerably because of smaller PEG domains, which restricted the chain movement, whereas the PEG domains in network coating 2b were large enough to cause migration to the polymer-water interface upon contact with water, and this resulted in a drastic reduction of the F/C ratio. A considerable decrease in the F/C ratio was also observed for 2c, whereas 2d exhibited a diminished difference in the F/C ratio after water treatment, presumably because of the presence of a significant amount of PEG at the polymer-air interface before the water treatment, even though it was believed that both HBFP and PEG domains were interspersed throughout the network coating. A detailed investigation of the C(1s) core-level region revealed three component peaks emanating because of COH, COO and COF binding energies at 286.8, 288.2, and 289.5 eV, respectively (Table 3) , providing further insight into the relative concentrations of HBFP versus PEG at the surface. Because there was a possibility that the peak positions might shift because of surface charging upon prolonged exposure to X-rays, all the component C(1s) peaks were referenced to the saturated C binding energy of 285.0 eV. At lower PEG weight percentages (14 and 29%), the COF peak was dominant, whereas at higher PEG concentrations (45 and 55%), the COO peak dominated, as implied by the percentage peak areas of the C(1s) component peaks shown in Table 3 . However, the decrease in the percentage peak area of the COF peak for the 2c coating upon incubation in water was much greater than that for 2d, suggesting the extent to which the PEG in 2d coating segregated to the polymer-air interface even before water treatment.
Surface Topography
Tapping-mode AFM was used to evaluate the topographical features of the crosslinked HBFP-PEG coatings. The images (Fig. 3) indicated the formation of complex domains that resulted from the thermodynamically induced phase segregation of the HBFP and PEG segments because of mutual incompatibility. The strategy of using the phase-separation behavior of fluorinated block copolymers and blends to generate highly ordered surfaces with liquid-crystalline properties 70, 71 and fouling-resistant characteristics 72 is well known. The dimensions of the phase-segregated domains were largely dependent on the relative compositions of the individual blocks as well as the film thicknesses. In comparison, the AFM images of glass slides and 3-APS-treated glass slides were unremarkable (data not shown). As shown in Figure 3 , the surface features of the 2a, 2b, and 2c coatings were submicrometer in scale and increased in size with an increase in the amount of diamino-terminated PEG, whereas 2d did not exhibit discrete domains, possibly because of the higher segregation of PEG to the surface leading to the formation of a layer that was predominantly composed of PEG, with the HBFP segment being embedded underneath the matrix.
The surface reorganization resulting upon contact with artificial seawater or pure DI water and confirmed by contact-angle measurements as well as XPS analysis is also reflected in the AFM images. As shown in Figure 4 , AFM imaging reveals the surface inversion from a morphology represented by peaks to a morphology represented by interconnected rings. In combination with the contact-angle and XPS data, we hypothesized that the initially prepared peaks consisted predominantly of HBFP and that the interconnected rings were predominantly composed of PEG segments.
Even though each coating appeared to undergo surface reconstruction, as shown by the decrease in the contact-angle values of water (Table 1) as well as the F/C ratios upon treatment with water (Fig. 2) , the process, in terms of surface topography, was well pronounced for 2c with a PEG weight percentage of 45% and, to a lesser extent, for 2b with 29 wt % PEG, in comparison with 2a and 2d with PEG weight percentages of 14 and 55%, respectively. This was possibly due to a higher HBFP content for 2a that resulted in smaller PEG domains, which were limited in flexibility, undergoing reorganization that was not resolvable on the scale of the experiments. Similarly, for 2d, the surface was already rich in PEG segments, and so reconstruction upon water ex- a The HBFP (1a) was used in the preparation of the crosslinked HBFP-PEG materials for the XPS experiments. The contribution from C™F appears dominant at lower PEG concentrations, whereas C™O contribution becomes dominant at higher PEG compositions, before and after water treatment; this indicates the linear dependence of the surface PEG content on the bulk concentration.
posure was not significant enough to be observable.
The surface reorganization was found to be a reversible process, which required the application of domain-selective solvents to accomplish reversibility. As illustrated in Figure 5 , the inverted surface [ Fig. 5(b-d)] , produced by the application of water to the initial 45 wt % PEG/HBFP coating [ Fig. 5(a) ], was stable to heating at 80°C for 4 h and also upon drying at 60°C for 12 h in vacuo. However, the application of a drop of THF resulted in the surface reverting to the original conformation [ Fig. 5(e) ], which was composed of HBFP-rich domains at the polymer-air interface and was similar to that of the dry virgin coating. The reintroduction of water to the THF-treated surface resulted in the migration of PEG-rich regions to the surface again.
Thermal Properties
DSC experiments were performed to evaluate the thermal properties of the crosslinked HBFP-PEG materials (Table 4) . Thermograms of the dry samples, as shown in Figure 6 , indicated a T g for the HBFP at 55.5°C and a T m for the diamino-terminated PEG at 49.9°C. Each of the hybrid materials exhibited thermal transitions that were characteristic of semicrystalline or crystalline PEG domains, supporting the phase segregation of PEG from the HBFP. In comparison with the amorphous HBFP, 2a with 14 wt % PEG shows a melting transition (T m,1 ; Fig. 6 , inset) at 46.8°C, indicating a semicrystalline domain. The melting transition endotherm increased in size with an increase in the weight percentage of PEG to 29% for 2b. The melting endotherm of Figure 6 , for 2c, revealed two transitions, T m,1 and T m,2 , that were probably due to PEG domains of different crystallinities; that is, the localized PEG domains resulted in a higher T m , and the domains of PEG in the HBFP-PEG phase continuum resulted in a lower degree of crystallinity. Frey et al. 73 observed multiple transitions for esterified hyperbranched polyether polyols that were believed to result from different crystallites. 2d, with the highest PEG content, exhibited only the higher temperature transition, T m,2 , and this indicated the predominance of PEG Figure 6 . DSC thermograms of (a-e) dry crosslinked HBFP-PEG materials (1c, 2a, 2b, 2c, and 2d, respectively) and (f) diamino-terminated PEG. Increasing the degree of crosslinking results in multiple PEG domains that vary in the degree of crystallinity. The traces shown here are the third heating runs. HBFP 1c was used in the preparation of these materials. with higher crystallinity, similar to that of the pure PEG, yet the individual components of PEG and HBFP must have been interspersed throughout the entire insoluble network. On the basis of these results, it can be concluded that the phaseseparation process, which depended on the relative compositions of the constituent blocks, 74 resulted in morphological heterogeneity that was submicroscopically resolved to a greater extent for 2c with 45 wt % PEG, whereas the coating with 55 wt % PEG (2d) consisted of discrete but larger domains of PEG resulting from enhanced PEG chain movement at higher concentrations. All T m 's were reproducible in several heating and cooling cycles.
With respect to the potential application of the crosslinked HBFP-PEG materials as marine antifouling coatings, it is important to examine the morphologies of these materials in the presence of water, especially because it has been presumed that PEG forms a hydrate complex that is responsible for its resistance toward protein adsorption. 75, 76 For this purpose, DSC was performed on hydrogels prepared by the swelling of samples in a known amount of water (30 -40 wt %) for 30 min. As shown in Figure 7 , the thermogram for pure diamino-terminated PEG exhibited two transitions, T m,1 at Ϫ27.3°C, which was due to the PEG-hydrate complex, and T m,2 at Ϫ4.3°C, which corresponded to free or unbound water. No PEG-hydrate transition was observed for 2a (not shown in the figure) , and the relative amount of water that was engaged in a PEG hydrate increased with an increasing amount of PEG for 2b, 2c, and 2d.
TGA experiments were conducted to evaluate the thermal stabilities of the crosslinked HBFP-PEG materials. The decomposition temperatures of the pure HBFP and the diamino-terminated PEG were 340 and 370°C, respectively (Fig. 8) . The percentage weight loss for PEG was 96%, indicating total decomposition, and that for HBFP was only 24%, indicating the inherent thermal stability of the polymer up to 600°C. Although the total percentage weight losses for 2a, 2b, 2c, and 2d followed an increasing trend, as expected, as the amount of PEG increased, the relative percentages of either HBFP or PEG that underwent thermal decomposition could not be ascertained because of overlapping decomposition profiles. 
CONCLUSIONS
Coatings of amphiphilic crosslinked HBFP-PEG networks were prepared on 3-APS-functionalized glass substrates. The static contact-angle values indicated increasing hydrophilicity of the coatings with increasing PEG content at the coating surface, and this was also confirmed by the F/C atomic concentration ratios determined from the XPS experiments. The phase segregation induced by the incompatibility of HBFP and PEG domains was manifested in the AFM and DSC measurements as well, which revealed complex topographical and morphological features that could be manipulated to minimize the interaction of fouling organisms with the surface. The crosslinked networks with 55 wt % PEG possessed the largest discrete PEG domains, as showcased by T m of the material resembling that of pure PEG. In comparison, the network coating with 45 wt % exhibited multiple T m 's, unlike any other material in the series, reflecting an inherent morphological heterogeneity that was expected to be expressed, to the same extent, in surface topography and composition as well. We believe that this level of surface complexity in terms of periodic amphiphilic patterns is essential for a coating to be able to resist the adhesion of biological macromolecules with various affinities toward hydrophobic and hydrophilic surfaces. A quantitative evaluation of the hydrophobic and hydrophilic domains (by small-angle X-ray scattering) and their distributions on a given HBFP-PEG coating (by time-of-flight secondary-ion mass spectrometry) is underway. Other factors that contribute toward fouling resistance behavior, such as the surface free energy and mechanical strength, are also under scrutiny and will be the subject of a subsequent publication.
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